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succinic acid anhydride in a gas phase and in the 
presence of a catalyst. 
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PROCESS FOR PRODUCING 1,4-BUTANEDIOL 



Background of the Invention 

The present invention relates to a process for 
producing 1 ,4-butanediol and, more in particular, it 
relates to a process for producing 1.4-butanediol. in 
which maleic acid anhydride and/or succinic acid 
anhydride are catalytically hydrogenated in a gas 
phase under the presence of a catalyst. 

1 ,4-butanediol is a compound useful as starting 
material for polvbutvlene terephthalate resin, poly- 
urethane resin, etc. Accordingly, there is a need for 
a process for producing 1 .4-butanediol at reduced 
cost and increased efficiency. 

The following processes for producing 7- 
butyrolactone or 1 .4-butanediol by catalytic hydro- 
genation of maleic acid anhydride and/or succinic 
acid anhydride or derivatives thereof have been 
disclosed. 

(i) A process for producing 7-butyrolactone 
in which maleic acid anhydride or succinic acid 
anhydride, etc. are catalytically hydrogenated in a 
gas phase by using a catalyst comprising zinc 
-copper - chromium (Japanese Patent Publication 
Sho 44-32567). 

(ii) A process for producing 7-butyro lactone 
in which maleic acid anhydride and/or succinic acid 
anhydride, etc. are catalytically hydrogenated In a 
gas phase under the presence of a reduction cata- 
lyst comprising copper oxide - beryllium oxide - 
zinc oxide (Japanese Patent Publication Sho 47- 
23294). 

(lii) A process for producing 7-butyrolactone 
in which maleic acid anhydride or succinic acid 
anhydride is hydrogenated in a liquid phase under 
the presence of a catalyst comprising nickel - 
molybdenum - barium and rhenium carried on a 
support Japanese Patent Laid-Open Sho 63- 
88044). 

(iv) A process for producing 1 .4-butanediol in 
which maleic acid anhydride and/or succinic acid 
anhydride, etc. are hydrogenated in a liquid phase 
under the presence of a catalyst containing ele- 
ments belonging to sub-VH and sub-VIII groups or 
compounds thereof (Japanese Piatent Laid-Open 
Sho 51-133212). 

(v) A process for producing 1 ,4-butanediol in 
which maleic acid diester or fumaric acid diester, 
etc. are hydrogenattvely decomposed in a gas 
phase in the presence of a copper chromlte cata- 
lyst oxide - zinc oxide catalyst (Japanese Patent 
Application Sho 63-175062). 

The processes of producing 1 ,4-butanediol 
which are disclosed above have a number of prob- 
lems. For Instance, in a process of catalytically 



hydrogenating maleic acid anhydride and/or suc- 
cinic acid anhydride in a gas phase under the 
presence of a catalyst, many times only 7- 
butyrolactone is formed instead of the desired 1 ,4- 

5 butanediol, except for the process proposed above 
by the present inventors. Further, the method of 
hydrogenating maleic acid anhydride and/or maleic 
acid in a liquid phase under the presence of a 
catalyst has a problem of requiring a high pressure 

10 of about 200 kg/cm^ and, thus requires an enor- 
mous installation cost and running cost. Further, 
although a process of hydrogenatively decompos- 
ing maleic acid diester, etc. in a igas phase under 
the presence of a catalyst does not require the 

75 high pressure described above, it still requires a 
step of diesterifying maleic acid anhydride, which 
makes the process extremely complicated. That is, 
since the reaction of converting a monoester into a 
diester is a equilibrium reaction, two reaction steps 

20 are required for sufficiently completing the reaction 
and It is necessary to add three reaction steps 
including the mono-esterlfying step. 

Further, a process for producing 1 ,4-butanedlol 
by catalytic hydrogenation of maleic acid anhydride 

25 and/or succinic acid anhydride in a gas phase has 
not yet been known. 

The present invention overcomes or at least 
mitigates the above-described problems of high 
installation cost and running cost and complicated 

30 processes for producing 1, 4-butanediol from maleic 
acid anhydride and/or succinic acid anhydride. 



DESCRIPTION OF THE INVENTION 

36 

The present Inventors have found that it will be 
beneficial if maleic acid anhydride and/or succinic 
acid anhydride are hydrogenated directly at a re- 

40 duced pressure thereby producing 1 ,4-butanediol 
not by way of diesters and have made various 
studies on gas phase hydrogenation processes. 

tt has also been found that the 7-butyrolactone 
can only be obtained In the gas phase hydrogena- 

45 tion of maleic acid anhydride and/or succinic acid 
anhydride, because the reaction is conducted at a 
low hydrogen/starting material ratio and at a pres- 
sure near the normal pressure in each of the cases. 
Then, when a hydrogenating reaction has been 

50 earned out at a higher hydrogen/starting material 
ratio than usual and under an elevated pressure 
within such a range that the gas phase can be 
maintained. It has been found that 1, 4-butanediol 
can be produced at a high yield and the present 
invention has been accomplished based on such a 
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finding. 

That is. the present Invention concerns a pro- 
cess for producing 1 ,4-butanediol by catalytlcally 
hydrogenating maleic acid anhydride and/or suc- 
cinic acid anhydride, wherein reaction Is conducted 
in a gas phase under the presence of a solid 
catalyst containing rhenium, copper and zinc. 

Catalyst 



The catalyst used In the present invention Is 
usually a previously reduced rhenium oxide - cop- 
per oxide - zinc oxide catalyst. Such a catalyst is 
prepared, for example, by mixing an aqueous solu- 
tion of a copper compound, for example, an aque- 
ous solution of copper sulfate or copper nitrate with 
an aqueous solution of sodium hydroxide, adding 
zinc oxide, stirring sufficiently, recovering by filtra- 
tion and. after drying and pulverization step, mold- 
ing them Into a predetermined shape by using a 
molding machine, mixing an acetone solution of 
rhenium oxide to the molding product, evaporizing 
acetone and then applying a drying step. In this 
preparation method, a catalyst with support can be 
obtained in which rhenium oxide and copper oxide 
are supported on zinc oxide. 

Reduction of the catalyst in the present inven- 
tion is carried out, for example, by passing a nitro- 
gen gas containing 2 vol%. of hydrogen to a cata- 
lyst at a gas space velocity converted into that at 
normal temperature and normal pressure 
(hereinafter simply referred to as G.H.S.V., which 
shows a value for normal temperature and normal 
pressure in each of the cases) at about 2,400 hr-^ 
and a pressure of several tens of kg/cm^Q at 
170' C for one day and one night, further gradually 
increasing the hydrogen concentration to 100 vol% 
and then passing the gas for severaj hours at a 
temperature of the catalyst bed of 200* C. 



Solvent 



Although there is no particular restrictions for 
the solvent usable in the present invention. 
butyrolactone, tetrahydrofuran, dimethyl ether, 
diethyl ether and 1,4-dloxane may be used for 
example. Among them, -^-butyrolactone is particu- 
larly preferred since it is a good solvent for maleic 
acid anhydride and succinic acid anhydride, one of 
hydrogenation products and considered to be an 
intermediate product of 1.4-biJtanediol. The solvent 
does not need be used. 
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Catalytic Condition 



Catalytic contact between a gas mixture of 
5 maleic acid anhydride and/or succinic acid anhy- 
dride and a hydrogen and a catalyst can properly 
be selected from the methods known so far. For 
Instance, such methods include contacting the gas 
mixture and the catalyst in a fixed bed system, a 
10 method of contacting them in a moving bed system 
or a method of contacting them in a fluidized bed 
system. Depending on a case, the gas mixture and 
the catalyst can be brought into contact batchwise. 
The time of contact between thre gas mixture of 
75 maleic acid anhydride and/or succinic acid anhy- 
dride and hydrogen, and the catalyst is from 1,000 
to 100.00 hr-S preferably, about 4,000 to 20,000 
hr~^ expressed as G.H.S.V. 

The reaction temperature in the present inven- 
20 tion is about 180 to 280* C. the reaction pressure is 
about 10 to 100 kg/cm^G and the molar ratio of 
hydrogen gas to maleic acid anhydride and/or suc- 
cinic acid anhydride is about from 100 to 1.500. 
The reaction temperature, the reaction pressure 
25 and the hydrogen gas/starting material molar ratio 
are property selected within such a range as ca- 
pable of maintaining the gas phase. 

However, if the hydrogen gas/starting material 
molar ratio Is below 100, it tends to cause reduc- 
30 tion in the reaction rate and catalyst degradation 
due to the formation of carbonaceous substance. 
On the other hand, if it exceeds 1.500. since a 
great amount of hydrogen has to be recycled, it Is 
disadvantageous from an economical point of view, 
as By the process according to the present Inven- 
tion, It is possible to obtain 1 ,4-butanediol from 
maleic acid anhydride and/or succinic add anhy- 
dride in one step reaction at a high yield, as well 
as to remarkably simplify the production process 
40 since the diesterifying step for maleic acid anhy- 
dride and/or succinic acid anhydride is saved. In 
addition, as compared with hydrogenation In liquid 
phase, since 1 ,4-butanediol can be produced at a 
remarkably lower pressure, there can be obtained a 
45 effect of reducing the Installation cost and the 
running cost. 

The present invention will now be described 
referring to examples but the invention is not re- 
stricted only to these examples. 

50 

Example 1 

Into a solution containing 9.63 g of rhenium 
55 oxide (Re207) dissolved in one liter of acetone. 
512.5 g of a commercially available catalyst with 
the copper oxide/zinc oxide weight ratio of 50/45 
(trade name: N-211, manufactured by Nikki Kagaku 
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Co.) was added and. while stirring properly left at a 
room temperature for one day and one night. Then, 
It was heated at 80 'C to evaporate and dry-up 
acetone and then further dried in a drier at 120* C 
for 12 hours and 150* C for 12 hours to prepare a 
rhenium oxide - copper oxide - zinc catalyst. The 
rhenium content in the resultant catalyst, as a met- 
al component, was 1 .5% by weight. 

15 cc of the catalyst prepared as described 
above was charged into a fixed bed reactor (15 
mm X 600 mm) and pressurized in a nitrogen gas 
stream to 15 kg/cm^G and heated to 170* C. Sub- 
sequently, hydrogen was gradually added to the 
nitrogen gas stream and nitrogen gas containing 2 

VOIVo OT nyuruytsii wdo ^.auooui iw yji»'S<> . 

kg/cm2G. at 170 *C. and G.H.S.V. of 2.400 hr-^ 
over one night. Then, hydrogen concentration was 
gradually increased up to 100% by volume hy- 
drogen while taking care such that the catalyst bed 
temperature did not exceed 200* C, and reduction 
was conducted under 15 kg/cm^G, at 200* C and at 
G.H.S.V. of 2.400 hr"^ for two hours. The product 
was analyzed by gas chromatography and the 
product was Identified by GC-MS. 

As a result, conversion of maleic acid anhy- 
dride was 100 mol%, and 40.8 mol% of 1,4- 
butanediol and 17.5 mol% of tetrahydrofuran were 
formed based on maleic acid anhydride supplied. 
Other products were ^butyro lactone, n-butanol, n- 
propanol. etc. Succinic acid anhydride was not 
detected In the product 



Example 2 

The catalyst preparation, the reduction treat- 
ment and the 1 ,4-butanedioi production were con- 
ducted in the same procedures as those in Exam- 
ple 1 except for changing the pressure upon cata- 
lyst reduction and the reaction pressure to 40 
kg/cm^G and the reaction temperature to 200 *C 
and changing the molar ratio of maleic acid anhy- 
dride to -y-butyrolactone to 1/1 and G.H.S.V. to 
9,000 "hr-^ 

As a result, the conversion of maleic acid anhy- 
dride was 100 mol%. and 94.3 mol% of 1.4- 
butanediol and 3.3 mol% of tetrahydrofuran were 
formed based on maleic acid anhydride supplied. 
Succinic acid anhydride was not detected in the 
product 



with succinic acid anhydride and changing the mo- 
lar ratio of succinic acid anhydride to 7-butyrolac- 
tone to 1/4. 

As a result, the conversion of the succinic acid 
anhydride was 100 mol%. and 70.4 mol% of 1,4- 
butanediol and 26.3 mol% of tetrahydrofuran were 
formed based on succinic acid anhydride supplied. 



10 Example 4 

After gradually adding 0.5 liter of an aqueous 
solution containing 0.3 mol of copper sulfate (II) 
and 0.15 mol of copper nitrate (II) at 70*C under 
15 stirring to on? lit^r snlutlnn of 1 mol/1 sodium 
hydroxide, they were maintained at 70*C for one 
hour. After filtering the deposition products, they 
were washed by passing one liter of warmed water 
at 60* C. After re-dispersing the cake into one liter 
20 of water at 60* C, 50 g of commercially available 
zinc oxide was dispersed and stirred for one hour. 
After filtering the solid matters, they were washed 
by passing 5 liter of warmed water at 60*0. The 
resultant solids were dried for 12 hours while sup- 
25 plying air at 140*C. After pulverizing the dried 
solids, 10-20 mesh fractions were sieved to obtain 
78.5 g of a copper oxide - zinc oxide catalyst. The 
entire amount of the copper oxide - zinc oxide 
catalyst was added to a solution of 200 cc of 
30 acetone containing 1.53 g of rhenium oxide 
(Re207) dissolved therein and, while stirring prop- 
erly, left at a room temperature for One day and 
one night. Then, it was heated to 80 *C to evap- 
orate and dry-up acetone to solids and further 
35 dried in a drier at 120*C for 12 hours and at 
150*C for 12 hours to prepare a rhenium oxide - 
copper oxide - zinc oxide catalyst. The content of 
rhenium and copper, as the metal component in 
the resultant catalyst were 1.5% by weight and 
40 35% by weight respectively. 

Using 15 cc of the catalyst prepared as de- 
scribed above, the catalyst reduction treatment and 
1 ,4-butanediol production were carried out in the 
same procedures as those in Example 2. 
45 As a result, the conversion of maleic acid anhy- 

dride was 100 mol%, and 90.2 mo!% and 1.4- 
butanediol and 2.5 moI% of tetrahydrofuran were 
formed based on maleic acid anhydride supplied. 
Succinic acid anhydride was not detected in the 
50 product. 



Example 3 

The catalyst preparation, the reduction treat- 
ment and the 1 ,4-butanediol production were con- 
ducted in the same procedures as those in Exam- 
ple 1 except for replacing maleic acid anhydride 



Example 5 

Using the reduction catalyst employed In Ex- 
ample 4, a gas mixture of maleic acid anhydride 
and hydrogen (1:600 molar ratio) was caused to 
pass without using a solvent under the condition at 
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220* C, under 40 kg/cm^Q and at G.H.S.V. of 4,400 

hr-^ 

As a result, the conversion of maleic acid anhy- 
dride was 100 mol%. and 76.5 mol% of 1,4- 
butanediol and 1.8 moI% of tetrahydrofuran were 
formed based on n^aleic acid anhydride supplied. 
Succinic acid anhydride was not detected in the 
product. 



Example 6 

Using the reduction catalyst employed in Ex- 
ample 4. a solution of maleic acid anhydride in 1,4- 
dioxane (maleic acid anhydride/1 ,4-dioxane - 1/4 
molar ratio) and hydrogen were caused to pass at 
a ratio) and hydrogen were caused to pass at a 
ratio of 800 mol of hydrogen based on one mol of 
maleic acid anhydride under the conditions at 
220 *C, under an elevated pressure of 60 kg/cm^G 
and at G.H.S.V. of 3.800 hr-^ 

As a result, the conversion of maleic acid anhy- 
dride was 100 mol%, and 82.3 moi% of 1.4- 
butanediol and 2.1 mol% of tetrahydrofuran were 
formed based on maleic add anhydride supplied. 
Succinic acid anhydride was not detected in the 
product. 



Comparative Example 1 

A rhenium oxide - zinc oxide catalyst was 
prepared in the same procedures as those in Ex- 
ample 1 except for using a zinc oxide catalyst 
(trade name: G-72. manufactured by Nissan Gard- 
ler Co.) instead of the copper oxide - zinc oxide 
catalyst (trade name: N-211, manufactured by Nikki 
Kagaku Co.). The rhenium content, as the metal 
component, in the resultant catalyst was 1.5% by 
weight. 

The catalyst reduction treatment and the 1,4- 
butanedlol production were conducted in the same 
procedures as those in Example 1 using 15 cc of 
the catalyst prepared as described above. 

As a result, the conversion of maleic acid anhy- 
dride was 25.6 mo!%, and 1 ,4-butanediol was not 
formed, except 1.97 mol% of succinic acid anhy- 
dride and 1.3 moi% of tetrahydrofuran based on 
maleic acid anhydride supplied. Other products 
than succinic acid anhydride and tetrahydrofuran 
were n-butanol. etc. 
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using 15 cc of a commercially available copper 
oxide - zinc oxide catalyst with the copper 
oxide/zinc oxide weight ratio of 50/45 (trade name: 
N-21 1 , manufactured by Nikki Kagaku Co.) 

As a result, the conversion of maleic acid anhy- 
dride was 100 mol%. and 16.4 mol% of 1.4- 
butanediol and 8.5 mol% of tetrahydrofuran were 
formed based on maleic acid anhydride supplied. 
Other products were 7-butyrolactone, n-butanol. 
etc. Succinic acid anhydride was not detected in 
the product. 



Claims 

1 . A process of producing 1 ,4-butanediol com- 
prising: 

hydrogenating a compound selected from the 
group consisting of maleic acid, anhydride, suc- 
cinic acid anhydride and mixtures thereof in a gas 
phase and in the presence of a catalyst comprising 
rhenium, copper, and zinc. 

2. The process recited In claim 1 wherein said 
catalyst comprises rhenium oxide, copper oxide, 
and zinc oxide. 

3. The process recited in claim 2 wherein said 
compound is contained in a solvent. 

4. the process recited In claim 3 wherein said 
compound maleic acid anhydride. 



46 
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Comparative Example 2 

The catalyst reduction treatment and the pro- 
duction of 1,4-butanedlol were conducted in the 
same procedures as those In Example 1 except for 
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